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DISCLAIMER

This report was prepared by the Alaska Industrial Development and Export Authority (AIDEA)
using data and text supplied by various contractors pursuant to a Cooperative Agreement funded
in pat by the U.S. Department of Energy (DOE), and neither AIDEA nor any of its
subcontractors nor the DOE nor any person acting on behalf of either:

a) makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately-owned rights; or

b) assumes any liabilities with respect to the use of or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the DOE. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the DOE.

Point of Contact: Art Copoulos, AIDEA Project Manager (907) 269-3029
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ABSTRACT

The Hedy Clean Coa Project (HCCP) is a 50-megawatt (MWe), coal-fired, electric power
generating facility at a site near Healy, Alaska. Design, construction, and operation of the
facility were in response to the U.S. Department of Energy (DOE) Program Opportunity Notice
(PON) issued in May 1989 for the Clean Coal Technology Program. The facility demonstrated
the TRW Clean Coal Combustion System and the Babcock & Wilcox/Joy Spray Dryer Absorber
(SDA) System, an integrated air pollution control process designed to minimize emissions of
oxides of nitrogen (NOy), sulfur dioxide (SO,), and particulates while firing a broad range of
coals.

The final total estimated project cost is $292,300,000. The DOE's cost share is $117,327,000,
with the remaining funds coming from contributions from various project participants and an
Alaska Industrial Development and Export Authority (AIDEA) bond sale.

The HCCP Demonstration Test Program (DTP) was conducted from January 1998 through
December 1999, accumulating approximately 8,500 hours of coal-fired operation, the equivalent
of about 1 year of continuous operation. As part of the DTP, a 90-Day Commercial Operation
Test that resulted in the generation of 102,373 MWh of energy at a capacity factor of 94.79
percent was completed in December 1999. The fuel flexibility and corresponding positive
economic and waste minimization benefits associated with the new combustor technology were
demonstrated by burning 83 percent waste coal, including coa fines, over the 90-Day
Commercial Operation Test period. This blend of run-of-mine and waste coal, which had an
average daily heating value range of 6,739 Btu/lb to 7,844 Btu/lb, is considered to be fairly
representative of coal that would be supplied for the life of the plant. In addition to achieving
these results, all generation was achieved within permitted limits for emissions, with the
exception of short-term SO, and opacity exceedances that occurred during plant startup and
equipment repairs.

The HCCP accomplished the objectives set out in the Clean Coa Technology Ill proposal
selected under PON No. DE-PS01-89FE6825. Cost growth of approximately 50 percent
occurred during the project, largely as aresult of a 2-year delay in environmental permitting, an
additional year of demonstration testing, litigation by the power purchaser, and design changes.
However, the technology objectives of the program were accomplished.

A 300-MWe, scaed-up version of the HCCP (CC-300) found that the demonstration
technologies are a very feasible alternative to Pulverized Coa (PC) and Circulating Fluidized
Bed (CFB) power plants. The CC-300 would have competitive capital and operating costs and
improved environmental performance. The technologies should be considered an attractive
alternative to conventional coal-fired technologies for specific applications.

The results of a study comparing various coa technologies suggest that the coal-fired power
generating technology selected for a specific application would depend on the specifics of a
particular site because the capital costs and the operating and maintenance costs of the three
technologies compared are relatively similar. These “site specifics’ would include the
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anticipated requirements of environmental emission/discharge permits; the quality, cost, and
proximity of the coa supply; the availability and quality of other raw materials (lime, limestone,
etc.); and other related factors.
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EXECUTIVE SUMMARY

The Hedy Clean Coa Project (HCCP) is a 50-megawatt (MWe), coal-fired, electric power
generating facility at a site near Healy, Alaska. Design, construction, and operation of the
facility were in response to the U.S. Department of Energy (DOE) Program Opportunity Notice
(PON) issued in May 1989 for the Clean Coal Technology Program. The facility demonstrated
new technologies available to meet power needs in central Alaska in an environmentaly
acceptable manner.

The HCCP is the first commercial-scale demonstration of the TRW Clean Coal Combustion
System and the Babcock & Wilcox/Joy Spray Dryer Absorber (SDA) System, an integrated air
pollution control process designed to minimize emissions of oxides of nitrogen (NOy) sulfur
dioxide (SO,), and particulates while firing a broad range of coals. The emissions of NOx are
reduced in the coal combustion process by the use of a fuel- and air-staged combustor system
and a boiler that controls fuel- and thermal-related conditions that inhibit NOx formation. The
slagging combustor and boiler unit aso functions as a limestone caciner and first-stage SO,
removal device in addition to its heat recovery function. A single SDA vessel and a baghouse
accomplish secondary and tertiary SO, capture, respectively. Ash collection is achieved by
remova of molten slag in the coal combustors, removal of bottom ash from the boiler, and
removal of fly ash particulates in the baghouse downstream of the SDA.

The final total estimated project cost is $292,300,000. The DOE's cost share is $117,327,000,
with the remaining funds coming from contributions from various project participants and an
Alaska Industrial Development and Export Authority (AIDEA) bond sale.

The HCCP accomplished the objectives set out in the Clean Coa Technology Ill proposal
selected under PON No. DE-PS01-89FE6825. Cost growth of approximately 50 percent
occurred during the project, largely as aresult of a 2-year delay in environmental permitting, an
additional year of demonstration testing, litigation by the power purchaser, and design changes.
However, the technology objectives of the program were accomplished.

The HCCP Demonstration Test Program (DTP) was conducted from January 1998 through
December 1999, accumulating approximately 8,500 hours of coal-fired operation, the equivalent
of about 1 year of continuous operation. As part of the DTP, a 90-Day Commercial Operation
Test that resulted in generation of 102,373 MWh of energy at a capacity factor of 94.79 percent
was completed in December 1999.

All emissions were within permitted limits, with the exception of short-term SO, and opacity
exceedances that occurred during plant startup and equipment repairs. As part of the DTP air
emission compliance demonstration and the state Air Permit requirements, source testing was
performed in June 1998 and March 1999 to confirm the validity of the plant’s Continuous
Emission Monitoring System (CEMS) for NOx, SO,, and carbon dioxide (CO,) and to verify the
carbon monoxide (CO) and particulate emissions. The emission monitoring system met all
Environmental Protection Agency (EPA) standards for accuracy. As described in this report, the
HCCP demonstrated the ability to maintain air emissions at levels below both the state Air
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Permit limits and the EPA’s applicable New Source Performance Standards (NSPS) limits (40
CFR 60 Subpart Da) and, furthermore, to meet the more stringent DTP emission goals.

+  NOx emissions were monitored continuously by the CEMS. During the DTP, the range
of NOx emissions was 0.208 to 0.278 Ib/million Btu, with a typical emission level of
0.245 Ib/million Btu (30-day rolling average). During the 90-Day Commercial Operation
Test, NOx emissions averaged 0.275 Ib/million Btu (30-day rolling average). The
applicable NSPS limit for NOx for the HCCP is 0.5 Ib/million Btu, the Air Permit limit is
0.350 Ib/million Btu, and the DTP emission goal is 0.20 to 0.35 Ib/million Btu.

« SO, emissions were monitored continuously by the CEMS. During the DTP, SO,
emissions averaged 0.038 Ib/million Btu (30-minute average corrected to 3 percent
oxygen [O3]). During the 90-Day Commercial Operation Test, SO, emissions averaged
approximately 0.060 Ib/million Btu. The Air Permit limit is either 0.086 Ib/million Btu
(annual average) or 0.10 Ib/million Btu (3-hour average).

«  CO emissions were monitored continuously by a stack O,/CO anayzer. Duringthe DTP,
CO emissions were typically 30 to 40 ppm (30-minute average corrected to 3 percent O,).
During the 90-Day Commercia Operation Test, CO emissions were typically in the 20 to
50 ppm range. The Air Permit limit and the DTP emission goal are 202 and 206 ppm,
respectively, corrected to 3 percent O..

«  Opacity was monitored continuously by the CEMS. The opacity measurements were
used as an on-line indication of particulate emissions. During the DTP, typical opacity
measurements ranged from 2 percent to 6 percent, based on a 30-minute average. Bag
maintenance was higher during 1998 due to premature baghouse filter bag failures caused
by poor inlet gas distribution. This problem was corrected in 1999. During the 90-Day
Commercial Operation Test, opacity averaged approximately 5.5 percent, which is
significantly below the permit limits of 20 percent opacity for a 3-minute average and 27
percent opacity for one 6-minute period per hour. The particulate emission limit, Air
Permit limit, and DTP emission goal are 0.03, 0.02, and 0.015 Ib/million Btu,
respectively.

The 90-Day Commercial Operation Test demonstrated the fuel flexibility and the corresponding
positive economic and waste minimization benefits associated with the new combustor
technology by burning 17 percent run-of mine (ROM) coal and 83 percent waste coal including
coal fines (of which 35 percent was non-fines waste coal) over the 90-day test period. Thisblend
of ROM and waste coal, which had an average daily heating value range of 6,739 Btu/lb to 7,844
Btu/lb, isfairly representative of coa that would be supplied for the life of the plant.

A 300-MWe, scaled-up version of the HCCP (CC-300) found that the demonstration
technologies are a very feasible alternative to Pulverized Coa (PC) and Circulating Fluidized
Bed (CFB) codl plants. The CC-300 would have competitive capital and operating costs and
improved environmental performance. The technologies should be considered an attractive
alternative to conventional coal-fired technologies for specific applications.
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The results of a study comparing various coa technologies suggest that the coal-fired power
generating technology selected for a specific application would depend on the specifics of a
particular site because the capital costs and the operating and maintenance costs of the three
technologies compared are relatively similar. These “site specifics’ would include the
anticipated requirements of environmental emission/discharge permits; the quality, cost, and

proximity of the coa supply; the availability and quality of other raw materials (lime, limestone,
etc.); and other related factors.
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1.0 INTRODUCTION
1.1  Purpose of the Project Performance and Economics Report

he purpose of the Project Performance and Economics Report (Final Report: Volume 2) isto

consolidate, for the purpose of public use, all relevant non-proprietary information on the
project other than that already included in the Public Design Report (Final Report: Volume 1)
(AIDEA 2000f).
Although limited to non-
proprietary data, it contains
sufficient information to
provide atechnical and
economic overview of the
project. Thereport also
serves as the primary
reference for parties
interested in the technology
to determine the
achievements of the project
and to assist them in
assessing the technical and
economic applicability of
the technology to their
particular situation.

1.2  Overview of the Project
1.2.1 Background and History of the Proj ect

he Alaska Industrial Development and Export Authority (AIDEA) has designed, constructed,

and operated a nominal 50-megawatt (MWe) coal-fired, electric power generating facility at
a site near Healy, Alaska. The Healy Clean Coa Project (HCCP) was built in response to the
U.S. Department of Energy (DOE) Program Opportunity Notice (PON) issued in May 1989 for
the Clean Coal Technology Program. The facility was built to demonstrate new technologies
and to meet local power needs in an environmentally acceptable manner. Demonstration of the
new technology has been completed and is considered successful; however, design changes are
needed to improve wear resistance of the mill exhausters or to replace the mill exhausters with
primary air fans, if it is considered commercially viable.

An industrial-scale version of the TRW Clean Coal Combustion System (40 million Btu/hr) was
first tested in TRW’s Cleveland, Ohio, test facilities, accumulating 10,000 hours of operation
burning a wide variety of coal types. In 1990, these tests were conducted using coa from
Usibelli Coa Mine, Inc. (UCM) and using limestone to produce and collect flash-calcined
material (FCM). In late 1990 and 1991, the FCM was shipped to NIRO's facilities in Sweden,

Healy Clean Coal Project 1-1
Project Performance and Economics Report

Final Report: Volume 2

April 2001



and the material was tested with the NIRO atomizer. These tests were deemed successful.
During this time, DOE had selected the Orange & Rockland plant for a retrofit application of the
TRW combustors. This project was to be the first full-scale application as a retrofit, but it was
subsequently cancelled, which resulted in the HCCP being the first full-size, grass roots
application of the technology.

In 1992, AIDEA, TRW, and Stone & Webster Engineering Corporation (Stone & Webster)
agreed that, due to spatial limitations, the combustors should bottom-fire the boiler. 1n 1992, in
Ontario, Canada, Foster Wheeler Energy Corporation (Foster Wheeler) conducted flow-model
tests on the boiler to determine the optimal tube arrangement considering the proposed bottom
firing of the boiler. The TRW Cleveland Test Facility utilized an indirect coal feed system with
interim coal storage. After review by TRW, AIDEA, Golden Valley Electric Association, Inc.
(GVEA), Foster Wheeler, and Stone & Webster, the TRW coal feed system was changed to a
direct feed system. This eliminated a proposed system that included the need to store pulverized
coa and resulted in a coal feed system with high pressure at the outlet of the pulverizers and mill
exhauster fans to provide the additional pressure required by the changes. The coal feed system
was first modeled at the pilot scale in TRW’s labs in Redondo Beach, California. This cold test
was followed by construction of a full-scale precombustor with a direct coal feed system, which
was tested in TRW’'s Capistrano, California, test facilities using UCM’s coa. These tests
confirmed the performance of the new technology.

1.2.2 Project Organization

IDEA was responsible for all aspects of project performance. AIDEA served as Project
Manager, as well as authorized representative for the technical and administrative elements
of all work performed under the Cooperative Agreement with DOE.

Other project participants, DOE, GVEA, UCM, TRW, Stone & Webster, and Babcock & Wilcox
(B&W)/Joy Technologies Inc. (Joy) played important roles in the overall completion of the
project. TRW and B&W/Joy provided the demonstration technologies. Foster Wheeler supplied
the boiler. Stone & Webster was the design engineer. UCM was the coal supplier and provided
coal data for design. GVEA provided some oversight of the design, provided operators during
demonstration testing, and is expected to be the operating contractor during subsequent
commercia operations. The original organization chart for the project, as presented in the DOE
proposal, is shown in Figure 1-1. B&W subsequently purchased al of Joy’ s assets.

1.2.3 Project Description

he HCCP is a mine-mouth plant located near UCM. UCM coadl is alow heating value, low-
sulfur, highly volatile coal.

The technology demonstrated in the HCCP combines the TRW Clean Coa Combustion System
and the B&W/Joy Spray Dryer Absorber (SDA) System into a single, integrated,
combustion/control process. These technologies have been designed to achieve reductions in
emission of sulfur dioxide (SO;), oxides of nitrogen (NOx), and particulates while meeting
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future energy needs from coal-fired generation in an environmentally acceptable manner. A
block flow diagram of the new technology is provided in Figure 1-2.

After more than 5 years of planning, design engineering, and permitting activities, the project
celebrated its groundbreaking ceremony at Healy, Alaska, on May 30, 1995. Most of the major
plant equipment was delivered to the Healy site in 1996. Construction of the plant was
completed in November 1997, with startup overlapping construction and commencing in July
1997. Coal-fired operations started in January 1998.

124 Site

he HCCP is located near Healy, Alaska, 250 miles north of Anchorage and within

approximately 7.5 miles of Denali National Park and Preserve. The facility is sited adjacent
to the existing Healy Unit No. 1, a 25-MWe, pulverized coal, low-NOy burner power plant. The
combined facilities are on the east bank of the Nenana River where the Healy Spur Highway
crosses the Nenana River and adjacent to arailroad spur. The facility is approximately 3 miles
from UCM, which minimizes coa transportation costs. These factors contributed to the
selection of the HCCP site for the demonstration. The site plan is shown on Figure 1-3. The
facility is located within the central region of Alaska and supplies power to the Interior Railbelt
and the Fairbanks area.

1.25 Project Schedule

onceptual feasibility studies related to the HCCP and the proposal to DOE began in 1989. In

hat year, DOE selected the HCCP as part of Round Ill of the Clean Coa Technology
Program. Between 1989 and 1991, AIDEA negotiated and established the project participant
roles, established the funding sources for the HCCP, collected environmental background data,
negotiated a Power Sales Agreement (PSA) with GVEA, and obtained Alaska Public Utilities
Commission approval of the PSA and a Certificate of Public Convenience to operate the facility.
The technology suppliers conducted pilot plant programs and devel oped conceptual designs.

In late 1991, critical contracts with Stone & Webster, Foster Wheeler, TRW, and B&W/Joy were
awarded. The Stone & Webster contract was for engineering, the TRW contract was for the
combustors and associated ancillary equipment, the Foster Wheeler contract was for the boiler
and for boiler and combustor installation, and the B& W/Joy contract was for the SDA System.
To minimize any financia risk during this period, AIDEA limited the technology suppliers
work to engineering only, and no fabrication was released. The Environmental Impact Statement
(EIS) and the Prevention of Significant Deterioration (PSD) air quality permit were also being
prepared at thistime.

During 1992 and 1993, the National Park Service (NPS) and the Trustees for Alaska (Trustees)
raised considerable objection to the HCCP, particularly regarding potentia visibility impacts at
the boundary of Denali National Park and Preserve, approximately 7.5 miles from the site. The
Trustees filed legal actions to prevent the HCCP from proceeding. To overcome these
objections, numerous detailed studies were performed, visibility and air quality monitoring of
current conditions was conducted, and conservative elements were included in the design to
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minimize any impact on the environment. DOE’s Final EIS and Record of Decision were issued
in December 1993 (DOE 1993). In early 1994, final agreements were reached with all parties,
thereby allowing the HCCP to proceed. This action completed Phase 1 of the Cooperative
Agreement with DOE. The environmental actions resulted in a 2-year delay in the project and
approximately $15 million in additional costs.

Suppliers were released for fabrication in 1994, and the prime construction contract was awarded
in late 1994. The prime construction contractor provided much of the small equipment and all of
the erection material such as cable, steel, pipe, etc. Groundwork commenced in late spring 1995.
Earthworks, substructure, and partial steel construction were completed in 1995. During the
winter of 1995-1996, construction was halted due to weather constraints. In 1996 and 1997,
equipment and material were installed, with this work completed in November 1997. This
completed Phase 2 of the Cooperative Agreement with DOE. Photographs of the HCCP site
during construction, at completion of site construction, and at startup are provided in Figures 1-4,
1-5, and 1-6, respectively.

Construction testing and startup commenced in July 1997. With the exception of coa firing, all
start-up activities were completed in 1997. Coal firing and startup of the associated combustion
equipment was completed in March 1998 as part of the Demonstration Test Program (DTP). The
DTP commenced in January 1998 and was completed in December 1999. As part of the DTP
and as a requirement of the PSA, a 90-Day Commercia Operation Test was performed during
late 1999. An Independent Engineer established the test protocol, observed the testing, and
reviewed the test results. The results were deemed inconclusive by the Independent Engineer,
primarily due to concerns that the test was performed with a coal having a heating value slightly
above the design specification and that excess staffing was on site during the test. This
completed Phase 3 of the Cooperative Agreement with DOE, except for submittal of the project
reports.

Because of the inconclusive results of the 90-Day Commercia Operation Test and after dispute
and some litigation, GVEA and AIDEA agreed on a staged retrofit program. This includes
studying the technical, economic, and regulatory feasibility of either a full retrofit to low-NOx
burners and conventional limestone scrubbing or a limited retrofit that would include correction
of deficiencies in the new technology identified by the Independent Engineer during the 90-Day
Commercial Operation Test. If the full retrofit is not feasible, either GVEA would undertake a
limited retrofit or the HCCP would be returned to AIDEA for operation, mothballing, or
decommissioning.

1.3  Objectives of the Project

The objectives of the project are as follows.

- To demonstrate a new power plant design that features innovative integration of an
advanced combustor and heat recovery system coupled with both high- and low-
temperature emission control processes.
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« To demonstrate reduced emission levels well below the requirements of Environmental
Protection Agency (EPA) New Source Performance Standards (NSPS) (found in 40 CFR
60 Subpart Da) for new utility coal-fired units.

- To meet future energy needs in an environmentally acceptable manner.

There were no changes to the project objectives developed in the original proposal submitted to
DOE.

1.4  Significance of the Project

he HCCP is the first commercial-scale demonstration of the TRW Clean Coal Combustion

System coupled with the SDA System. The demonstration was considered to be successful.
The HCCP accomplished the objectives set out in the proposal to DOE submitted under PON
No. DE-PS01-89FE6825. Cost growth of approximately 50 percent occurred during the project
as a result of a 2-year delay in environmental permitting, an additional year of demonstration
testing, litigation by the power purchaser, and design changes. However, the technology
objectives of the program were accomplished.

The commercia use of the HCCP will fulfill future needs for electrical power with less
environmental impact than conventional coal-based power systems. The demonstration of the
state-of-the-art clean coal technologies of the HCCP will help the electric generation industry by
showing that this equipment can be used to produce cost-effective electrical power while
reducing SO,, NOx, and particulate emissions. Environmental impacts such as transboundary
and interstate pollution would be reduced or eliminated.

The State of Alaska views the project as a magjor step in the development of Alaska's Interior
region (Nenana Basin) coal resource for use in producing low cost, environmentally sound
electrical power. The base-loaded energy costs from HCCP are currently greater than gas-fired
opportunity energy from the Anchorage bowl! but, in AIDEA’s opinion, are competitive with
some other base-loaded facilities in Alaska. If gas prices rise significantly, the HCCP may
become commercially and economically superior to other alternatives.

1.5 DOE’sRolein the Project

OFE’srole isto monitor the participant’s progress in developing the project and, to the extent

specificaly authorized in the Cooperative Agreement, to have a substantial role in project
decision-making. DOE has partialy financed and facilitated development of the project through
its Clean Coal Technology Program, a first-of-its-kind coal technology that offers superior
environmental performance.

DOE prepared the EIS and participated in the negotiations necessary to obtain the state Air
Permit. AIDEA provided monthly and quarterly progress reports to DOE, and DOE provided
comments on the project direction and progress. DOE also participated in most major technical
decisions involving the project and provided a comprehensive review of al reports and reporting.
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Figure 1-1 Healy Clean Coal Project Oreamization
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Figure 1-2 Healv Clean Coal Project Process Flow Dhagram
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Figure1-4  Site Construction Complete — 1997 (side view).
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Fi gue 1-5  Site Construction Complete — 1998 (aerial view).
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Figure1l-6 = HCCP Complete at Startup.
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20 TECHNOLOGY DESCRIPTION
2.1 Description of the Demonstration Technology
2.1.1 Combustion Boiler System

he HCCP utilizes a new power plant design

that features the integration of advanced cod
combustion and emission control processes. The
integrated TRW Clean Coal Combustion System
and the B&W/Joy SDA are the most important
features of the HCCP. Theintegrated air
pollution control process that results from the
HCCP configuration of components has been
designed to minimize emissions of SO,, NOx,
and particulates from the facility while firing a
broad range of coals.

NOx emissions are reduced in the coa
combustion process by use of the fuel and air-
staged combustor system and a boiler that
controls fuel and thermal -related conditions that
inhibit NOx formation. In addition to its heat
recovery function, the TRW Clean Coal
Combustion System, which features a slagging
combustor boiler system, also functionsasa
limestone calciner and first-stage SO, removal
device. A single SDA vessel and a baghouse
accomplish secondary and tertiary SO, capture, respectively. Ash collection is achieved by
remova of molten slag in the coal combustors, remova of bottom ash from the boiler, and
remova of fly ash particulates by the fabric filter system in the baghouse downstream of the
SDA.

The TRW Clean Coal Combustion System has been designed for installation on the boiler
furnace to provide efficient combustion, maintain effective limestone calcination, and minimize
the formation of NOx emissions. The main combustor components include a precombustor, a
main combustor, a slag recovery section, atertiary air windbox, a pulverized coal and limestone
feed system, and a combustion air system. In a unique arrangement, the slagging combustors are
bottom-mounted on the boiler hopper because of spatial limitations and cost benefits.

The coal-fired precombustor is used to increase the air inlet temperature to the main combustor
for optimum slagging performance. The precombustor burns approximately 25 to 40 percent of
the total coal input to the combustor. Combustion is staged to minimize NOyx formation.
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The main slagging combustor consists of a water-cooled cylinder, which is sloped toward a slag
opening. The remaining coal is injected axially into the combustor, is rapidly entrained by the
swirling precombustor gases and additional air flow, and is burned under substoichiometric
(fuel-rich) conditions for NOx control. The ash contained in the burning coal forms drops of
molten slag that flows along the water-cooled walls as a result of the centrifugal force resulting
from the swirling gas flow. The molten slag is driven by aerodynamic and gravity forces
through a slot into the bottom of the slag recovery section where it falls into a water-filled tank
and is removed by the slag removal system. Approximately 80 percent of the ash in the coad is
removed as molten slag.

The hot gas, which contains carbon dioxide (CO,), carbon monoxide (CO) and hydrogen (H>), is
then ducted through the hot gas exhaust duct from the slag recovery section to the furnace. To
ensure complete combustion in the furnace, additional air is supplied from the tertiary air
windbox to NOx-control ports and to final over-fire air ports located in the furnace.

Pulverized limestone is fed into each combustor for SO, control. While passing into the boiler,
most of the limestone (CaCQOs) is converted to flash-calcined lime (CaO) by the following
reaction:

CaCO; + heat => Ca0 + CO; [Equation 1]

The mixture of this flash-calcined lime and the ash that was not removed by the combustors is
called flash-calcined material (FCM). Some sulfur capture by the entrained CaO also occurs at
this time, but the primary SO, remova mechanism is through a multiple-step process of spray
drying the slurried and activated FCM solids, as described in the next section,.

Using slagging combustor technology and known combustion techniques, NOx emissions in the
boiler were demonstrated at levels significantly below EPA NSPS applicable to the HCCP. The
HCCP combustors achieve NOyx control as a combination of the following factors.

«  The combustor functions as a well-stirred reactor under substoichiometric conditions for
solid fuel combustion by converting the solid fuel components to a hot, partially oxidized
fuel gas in an environment conducive to destroying the complex organic fuel-bound
nitrogen compounds that could easily be oxidized to NOx in the presence of excess
oxygen.

«  The combustor’s water-cooled walls absorb approximately 10 to 25 percent of the total
available heat input to the combustor.

These two conditions together reduce the potential for combustion temperatures in the furnace to
be high enough to decompose molecular nitrogen in the combustion air into forms that can
produce thermal NOx by reacting with excess oxygen.

When the exhaust gases leave the combustor, the coal has already been mixed with
approximately 80 to 90 percent of the air theoretically necessary to complete combustion. A
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portion of the remaining 10 to 20 percent of the air is then alowed to mix slowly with the hot
fuel gases exiting the combustor and entering the furnace. The hot gases radiate their heat to the
furnace walls at rates faster than combustion is allowed to occur so that gas temperatures slowly
decay from those at the furnace entrance. After the furnace gases have cooled sufficiently, a
second, and possibly a third, stage of furnace combustion air injection occurs as necessary to
complete the coal combustion process in a controlled oxidizing atmosphere so that combustion
gas temperatures are maintained below the thermal NOx floor where significant NOx formation
begins. This contrasts with a traditional coal-fired furnace where pulverized coa is burned in
suspension at high excess air rates. Resulting gas temperatures from pulverized coa furnaces
typically rise significantly above the 2,800° F temperature maintained in the furnace. In the
traditional furnace, the pulverized coa is relatively poorly mixed with low-NOx wall
burner/suspension firing techniques, and local areas of combustion in the presence of
stoichiometric oxygen create hot zones within the flame. These hot, turbulent stoichiometric
zones can produce significant NOyx levels in the area of the burner throats. This tendency for
high, localized NOx formation is minimized with the demonstration technology’s slagging
combustor through slow, controlled mixing of furnace combustion air with the partially cooled,
well-mixed fuel gases discharging from the combustor into the lower furnace NOx-control zone.

The HCCP aso demonstrated other NOy reduction techniques, including furnace NOx ports and
over-fireair injection.

2.1.2 SDA System

Once FCM s produced in the furnace via Equation [1], it is removed in the fabric filter
system. A portion of the material is transported to disposal. Most of the material, however,
is conveyed to a mixing tank, where it is mixed with water to form a 45 percent FCM solids
dlurry. The lime-rich FCM is slaked by agitation of the suspended slurry. A portion of the slurry
from the mixing tank passes directly through a screen to the feed tank, where the durry is
continuously agitated. The remainder of the durry leaving the mixing tank is pumped to a
grinding mill, where the suspension is further mechanically activated by abrasive grinding.

By grinding the dlurry in a mill, the FCM is activated by mechanical processes whereby the
overall surface area of available [imeis increased and coarse lime particle formation is avoided.
Thus, the mill enhances the slaking condition of the FCM and increases the surface area for
optimal SO, absorption. FCM slurry leaving the tower mill is transported through the screen to
the feed tank.

Feed dlurry is pumped from the feed tank to the SDA, where it is atomized viarotary atomization
using B&W/Joy dry scrubbing technology. The SO, in the flue gas reacts with the FCM durry
as water is simultaneously evaporated. The dry reaction product is removed viathe SDA hopper
or baghouse catch. The SO; is further removed from the flue gas by reacting with the dry FCM
on the baghouse filter bags. The system is designed to include steam heat activation of the
slurry.
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2.2  Other Process Systems

he demonstration technology of the integrated advanced coa combustion and emission

control processes provided by the TRW Clean Coal Combustion System and the B& W/Joy
SDA are described in Section 2.1. The other major process systems used in the HCCP include
the following.

Boiler

eam to drive the turbine-generator is generated in the boiler that is fired by the TRW Clean

oa Combustion System. The steam generated in the boiler flows to the turbine and then,

after releasing its energy to generate electricity, condenses and returns to the boiler as feedwater
to be reboiled and again superheated in the boiler, thus completing the steam cycle.

Turbine

he turbine-generator, condenser, condensate pumps, boiler feed pumps, feedwater heaters,

and other equipment are required to convert the high-pressure, high-temperature steam
energy into electrical energy. The turbine-generator converts the energy in high-temperature,
high-pressure steam (950° F, 1,250 psig) to electrical energy. The electricity istransmitted to the
main transformer and then to the substation for regional distribution.

Baghouse

he baghouse removes particulates, including solid sulfur compounds, from the flue gas
beforeit is exhausted to the stack.

Ash/Limestone Area

sh silos are located in the ash/limestone area. Bottom ash and flyash are loaded from the
storage silos into trucks for disposal at the UCM site. Limestone for the SO, removal
system is unloaded from trucksin this area.

2.3  Proprietary Information

RW, Incorporated (TRW) is a corporation organized and existing under the laws of the State

of Ohio. TRW isacting on behalf of its combustion business unit which has principal offices
located at 2111 Rosecrans Avenue, El Segundo, California 90245. TRW holds the patent and
associated rights to devel op the Clean Coal Combustion System.

Joy Technologies Inc. (Joy) was a U.S. corporation headquartered in Pittsburgh, Pennsylvania,
acting on behalf of its Environmental Systems Group, with offices located in Monrovia,
Cdlifornia. Joy held the exclusive license from A/S NIRO Atomizer of Copenhagen, Denmark,
to supply the atomizers to be used in spray dryer absorber systems for acid gas removal in the
North American market. Joy and A/S NIRO jointly owned the patent and associated rights to
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develop spray drying absorber and baghouse technology that integrate with the clean coal
combustion technology developed by TRW. B&W has purchased all assets of Joy.

24  Simplified Process Flow Diagram

igure 1-2 is an overall process block flow diagram of the HCCP process. All major process
elements are shown on the diagram. There have been no significant changes from this design
since the start of the demonstration testing.

2.5 Stream Data

omplete heat, material, and water balance data are provided in the Public Design Report

(Final Report: Volume 1). The balancesin that report were calculated for 50 percent and 65
percent waste coal blended with run-of-mine (ROM) coal. Because the HCCP is a base-load
facility, theinformation is provided for full load only.

2.6  Processand Instrumentation Diagrams

Pocess and instrument diagrams for the HCCP design are not being provided because they
can not be reproduced legibly in the required size. The process and instrument diagrams are
also too detailed and complex to be of much value without more detailed knowledge of plant
design and operation. The process flow diagrams in Section 4.0 of the Public Design Report
(Final Report: Volume 1) adequately describe each system.
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3.0 PUBLIC DESIGN REPORT UPDATE
3.1 Design and Equipment Changes
3.1.1 Design Changes

hree major changesin

the technology were
made during design of the
HCCP. These werethe
conversion of the combustor
firing configuration from
side firing to bottom firing
of the boiler, change of the
coal feed system from a
semi-direct to adirect feed
system, and expanding the
slag tap opening of the main
combustor.

Bottom firing of the boiler
was initiated as aresult of
limited available space
adjacent to the boiler and adequate space beneath the boiler. The original plan had been to side-
fire the boiler because it was felt that this configuration would be most applicable to retrofitting
an existing boiler. The TRW Cleveland Test Facility included a coal feed system that had coal
storage between the coa silos and the combustors. After much study and review of all the
applicable fire and safety codes for coal-fired boilers, a conventional coal feed system with no
coal storage between the coal silos and the combustors was selected. This system was
demonstrated at TRW’s Capistrano Test Facility and found to be successful. Finally, as a result
of concern about possible bridging across the slag tap opening in the main combustors, the
opening was increased, although this change resulted in decreased boiler efficiency. The
opening was designed to accept an insert that could be added later to reduce the size of the
opening.

A decrease in boiler efficiency of approximately 4.59 percent was predicted, but, according to
TRW, the decrease in efficiency was significantly less than this. This better performance was
achieved, in part, by inactivating the heat exchanger for the ash water system (which was not
required) and by reducing the ash water flow rate.

3.1.2 Demonstration Changesto the Combustor Air Supply

hroughout the TRW Combustion System Characterization Testing, the slagging stage of the
combustor performed extremely well and continuously demonstrated the capability to
reliably burn ROM and ROM/waste coa blends over a broad range of operating conditions while
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maintaining a thin molten slag layer over the entire tubewall surface. The precombustor aso
performed very well with ROM coal but exhibited more variable slagging behavior during the
initial tests using ROM/waste coa blends. During 1998 and early 1999, a combination of
hardware-configuration and operational changes were made that successfully resolved this
problem. The key changes were: 1) relocating the secondary air from the precombustor mix
annulus to the head-end of the slagging stage, 2) completely transferring the precombustor mill
air to the boiler NOy ports following boiler warmup, and 3) modifying the precombustor burner
air injection configuration in order to improve air/coal mixing characteristics.

These changes eliminated the mixing of excess air downstream of the precombustor combustion
chamber in order to minimize local slag freezing and increased the precombustor operating
temperature in order to provide additional temperature margin. The change had the added
benefit of simplifying combustor operation by eliminating the need to monitor and control the
coal-laden mill airflow to the precombustor mill air ports during steady-state operation.

Although the precombustor was designed to be operated “non-slagging,” ultimately, beginning in
1998, it was operated in a slagging mode. In the initial HCCP design, the combustion processin
the precombustor was accomplished in two stages. Coa was burned at a stoichiometric ratio of
0.8 to 1.0 in the primary combustion zone and then entered a mixing section where additional
secondary air was added, resulting in a stoichiometric ratio greater than 2.0 (fuel-lean) at the exit
of the precombustor. In the new configuration, the precombustor combustion chamber was
operated at a stoichiometric ratio of 1.0 to 1.2 (fuel-rich). This change increased the
precombustor exit temperature (up to 3,400° F) to provide additional operating margin to ensure
slagging conditions when burning high-ash-fusion-temperature waste coals.

The precombustor performance burning ROM/waste coal blends continued to improve during the
remainder of demonstration operations in 1999. In particular, following optimization of the
precombustor burner configuration and operating conditions in early May 1999, the
precombustor slagging behavior was consistent from test to test, and there was no further
evidence of localized dag freezing.

3.1.3 Changesto the Precombustor

The precombustor consists of four major sections:

« primary burner and windbox

«  combustion chamber with integral baffle

« secondary air mix annulus and windbox

+ round to rectangular transition section including swirl damper blades.

The combustion chamber, baffle, and transition section are all tube waterwall components. The
gas-side surfaces of these components are covered with three-eighths-inch-diameter studs and a
1-inch to 2-inch sacrificia silicon-carbide refractory layer. These components are all cooled
with boiler feedwater nominally at 1400 psig and 585° F.
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The water-cooling circuits are designed to be drainable. In the HCCP, the heat absorbed by the
cooling water is recovered by directly integrating the combustor cooling water with the water in
the steam drum through a separate forced-circulation circuit.

The six 6-inch precombustor mill air ports are integral with the precombustor transition section.
Seal boxes filled with castable refractory surround each port.

The swirl damper blades are tube waterwall components fabricated from Grade B pipe. During
the DTP, an Inconel 625, 0.10-inch-thick weld overlay was applied aong a 1.5-inch-wide
surface on the downstream edge of the blades in order to minimize localized particle erosion
along this surface. The blades are cooled with water from the low-pressure cooling circuit of the
plant condensate system nominally at 350 to 380 psiaand 100° F.

For most of the DTP, there were two coal flame scanners and one oil flame scanner on the
precombustor. Initially, the oil flame scanner was located along the centerline of the oil ignitor,
and the primary coal flame scanner was located on the windbox looking at the flame centerline.
Ultimately, the oil flame scanner was moved to the coal flame scanner position looking at the
flame centerline, and the primary coa flame scanner was installed farther outboard on the
precombustor burner windbox looking at the flame outer boundary. A secondary coa flame
scanner was installed on an unused precombustor mill air port downstream of the precombustor
combustion chamber. During 1999, an additional flame scanner was installed at the exit of each
precombustor just downstream of the swirl dampers.

3.1.4 ChangestotheBoiler and Coal Feed System

D uring 1999, there were several instances of slag falling from the lower part of the boiler into
the slag ash and bottom ash hopper, causing some deformation of the hopper. This problem
had been anticipated by the flow modeling tests conducted in 1992 in association with bottom
firing of the boiler. After evidence of slag buildup was discovered, wall openings were provided
in the boiler for the addition of soot blowers, which subsequently minimized slag buildup and
sagfall.

During 1998 and 1999, it quickly became evident that the wear rate on the mill exhauster fans
was excessive. Two spare fan rotors were purchased, and fan technicians were brought to the
site to train maintenance personnel to overhaul the fans. The trained maintenance personnel
could change a fan rotor in less than 8 hours while the unit remained at half load. Sacrificial
wear plates were also instaled on fan blades, which extended the period between fan overhauls.
At the end of 1999, a new type of wear plate was installed on high-wear areas on the inside of
the fan casing, but the wear plates were not tested due to shutdown of the unit. Additional
testing is needed to determine the life of these wear plates.

3.2 Demonstration Plant Capital Cost Update

N o significant changes have been made since publication of the Public Design Report (Final
Report: Volume 1).
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3.3  Demonstration Plant Operating Costs Update

N o significant changes have been made since publication of the Public Design Report (Final
Report: Volume 1).
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40 DEMONSTRATION PROGRAM
41 Test Plans

he HCCP DTP wasi initiated in

early 1998. Thetest program -
comprised several testing activities,
including Coal-Firing Trials (Task
1), Compliance Testing (Task 2),
TRW Combustion System
Characterization Testing (Task 3),
B&W/Joy SDA Technology
Characterization Testing (Task 4),
Boiler Characterization Testing
(Task 5), Coal Blend Testing (Task
6), Turbine Performance Guarantee
Testing (Task 7), 90 Day-
Commercial Operation Test (Task
8), and Long-Term Commercial
Operation Demonstration (Task 9).

Overall testing resulted in approximately 8,500 hours of total coal-fired operating time or the
equivalent of approximately 1 year of continuous operation.

4.1.1 Short-Term Testsincluding the 90-Day Commercial Operation Test
The HCCP DTP consisted of the following short-term tests:

« Coal-Firing Trias

- Compliance Testing

«  TRW Combustion System Characterization Testing

- B&W!/Joy SDA Technology Characterization Testing

« Boiler Characterization Testing

- Coal Blend Testing

«  Turbine Performance Guarantee Testing

«  90-Day Commercial Operation Test (90-Day Commercial Operation Test).

The objectives of the short-term tests conducted between January 1998 and June 1999 were to
demonstrate the following features of the integrated HCCP combustion and air pollution control
systems.

- Demonstrate the capability to control NOx emissions to the 0.20 to 0.35 Ib/million Btu
range with low furnace CO levels (less than 200 parts per million [ppm]) while burning
ROM/waste coal blends with up to 55 percent waste coal.
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Demonstrate SO, removal efficiencies of at least 90 percent at low reagent consumption.
The project will demonstrate activation and utilization of combustor-generated FCM
waste for SO, removal in the SDA System. In most SO, control processes, the calcium-
based product from the particulate collection equipment is sent to disposal. In this
innovative process, the product is recycled to provide additional SO, removal in the SDA
System. The successful demonstration of this combined process helped to promote the
use of the TRW-B&W/Joy integrated system in areas where a minimum 90 percent
reduction is required and to effectively compete with other high removal efficiency
processes that are more costly.

Demonstrate SO, reduction in the furnace by limestone injection into the exit of the
combustor. The HCCP test program provided for a demonstration of in-furnace SO,
reduction for extremely low sulfur coals. For high sulfur coals, SO, removal efficiencies
of 50 to 70 percent within the furnace have aready been demonstrated using an
industrial-scale TRW Clean Coal Combustion System and furnace.

Control overall particulate matter and the portion of particul ate matter typically below 10
microns in size (PMyg) to levels below current NSPS requirements applicable to the
HCCP.

Accomplish low-cost waste disposal or reuse. Waste disposal would be made easier by
the production of a vitreous slag waste from the combustors and a dry powdery waste
from the SDA System that will set up into a high strength, stable waste materia that can
be easily disposed of in a conventional landfill operation or potentially used in
commercia applications such as road base material.

These tests represented a broad range of conditions that fully evaluated all aspects of HCCP
operation. The tests occurred during the following timeframes and under the following
conditions.

The first 4 months of the HCCP DTP were dedicated to coal-firing start-up operations
and focused on slowly bringing all plant systems on line while burning ROM coal at part-
load operation. The plant reached full load for the first time in March 1998.

During 1998, approximately 5,000 hours of plant thermal operation were accumulated,
with approximately 4,500 hours of coa-fired operating time. Both ROM and
ROM/waste coal blends were tested in the combustion system. Typicaly, the
ROM/waste coal blends had caloric heating values ranging from 6,200 to 7,500 Btu/lb,
ash contents ranging from 10 to 24 percent, and ash fluid temperatures ranging from
2,300° F to 2,900° F.

During January through June 1999, approximately 2,200 hours of plant thermal operation
were accumulated, with approximately 2,000 hours of coal-fired operating time. Almost
all testing was performed with ROM/waste coal blends. During 1999, the ROM/waste
coa blends had caloric heating values ranging from 6,766 to 7,826 Btu/lb, ash contents
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he

ranging from 8.02 to 19.08 percent, and ash fluid temperatures ranging from 2,275° F to
2,852° F. Efforts during 1999 focused on completing the TRW Combustion System
Characterization Testing matrix, optimizing the precombustor burner configuration and
operating conditions, and evaluating integrated system performance during longer-
duration, steady-state tests.

Overall, during January 1998 through June 1999, approximately 7,200 hours of plant
thermal operation were accumulated, with approximately 6,500 hours of coal-fired
operating time. Both ROM and ROM/waste coal blends were tested in the combustion
system. Typicaly, the ROM/waste coal blends had caoric heating values ranging from
6,196 to 8,271 Btu/lb, ash contents ranging from 5.7 to 24.0 percent, and ash fluid
temperatures ranging from 2,270° F to 2,900° F.

The HCCP 90-Day Commercial Operation Test occurred during a 90-day period in
August through December 1999. The test results are described in the “Healy Clean Coal
Project, Topical Report: 90-Day Commercial Operation Test and Sustained Operations
Report: A Participant Perspective, May 2000” (AIDEA 2000e). During that test,
approximately 2,000 hours of additional coal-fired operating time were accumulated,
bringing the total coal-fired operating/testing time to approximately 8,500 hours, the
equivalent of about 1 year of continuous operation. During this test, a ROM/waste coal
blend (35 percent waste coal excluding coal fines) that included a high percentage of
waste fines and had an average caloric heating value of 7,194 Btu/lb was used. This coal
was considered to be representative of fuel that would be supplied over the life of the
HCCP.

B&W SDA Technology Characterization Testing and Turbine Performance Guarantee
Testing were conducted during the 90-Day Commercial Operation Test. Coa Blend
Testing was integrated into the B&W SDA Technology Characterization Testing.
Turbine Performance Guarantee Testing was deleted from the DTP because it is not
related to the new technology, and a separate report was prepared. Boiler Performance
Guarantee Testing and Boiler Characterization Testing were conducted during the TRW
Combustion System Characterization Testing.

412 Long-Term Tests

Long-Term Commercial Operation Demonstration (beyond the 90-Day Commercial

Operation Test) was not performed.

4.2  Operating Procedures

The major systems required for operating the plant are described in Appendix B.

4.2.1 Instrumentation and Data Acquisition
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 he plant control, instrumentation, and data acquisition systems are described in Appendix B.

4272 Test Methods

 est methods are described in the individual topical reports and in Section 4.4 and Appendix C
of this report.

4.3  Analysesof Feedstocks, Products, and Reagents
4.3.1 Coal and Ash Characteristics

he coals to be fired in the HCCP combustion system are low-sulfur, high-moisture, low-

heating-value fuels from the nearby UCM. Table 4-1 provides coal and ash characteristics
for ROM coal, waste coal, and performance coal. ROM coal is run-of-mine coal, where care is
taken in the mining operation to minimize the amount of overburden and non-coal strataincluded
with the coal. Waste coal is not subject to this selective separation process and, hence, has a
lower heating value and a higher ash content. Performance coa is a hypothetical blend of 50
percent ROM coal and 50 percent waste coal, each with distinct coal properties.

The heating value of coa delivered to the plant depends on a number of factors. The seam being
mined, the coal mining technique, and the specific location within the seam being mined can all
cause ROM and waste coal heating values to vary on a daily, monthly, and yearly basis. For
example, waste coal may be coal from alow-grade seam, or it may beis ROM coal that has been
contaminated with overburden or interburden and, as a result, has a lower heating value, i.e.,
approximately 5,000 to 7,500 Btu/lb. ROM coal has a heating value greater than 7,500 Btu/lb.

Some ROM coal is ground into fines so that the mine can use it for other markets. A large
guantity of excess fines that had been ground too fine to be burned in conventional boilers was
used during the 90-Day Commercial Operation Test at HCCP. The heating value of the fines
waste is similar to ROM coal but tends to vary more (typically 6,500 to 9,000 Btu/lb) as a result
of having gone through the grinding process.

4.3.2 Limestone Characteristics

ables 4-2 and 4-3 provide the chemical analysis and particle size distribution, respectively, of
the limestone used during the 90-Day Commercial Operation Test.

4.4  Data Methodology

Key test parameters and methods used for the B&W SDA Technology Characterization
Testing are listed in Table 4-4. Additional test parameters (a continuation of this table) and
methods are listed in Appendix C.

All references to the American Society for Testing and Materials (ASTM) Standard
Specification, American Society of Mechanica Engineers (ASME) methods, EPA Reference
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Methods and to other similar standard publications are to the latest issue of each as of the date of
Contract No. HCCP-007 between AIDEA and Joy Manufacturing Company (now B&W) unless
specifically stated otherwise.

4.5 Data Summary

he Public Design Report (Final Report: Volume 1) consolidates and summarizes key data

associated with this project. Additional data are summarized in this Project Performance and
Economics Report (Final Report: Volume 2). More detailed information can be found in the
individual topical reports. Highlights of the data are summarized as follows.

451 Emissions

he DTP was conducted from January 1998 through June 1999. All emissions were within

permitted limits, with the exception of short-term SO, and opacity exceedances that occurred
during plant startup and equipment repairs. As part of the DTP air emission compliance
demonstration and the Air Permit requirements, source testing was performed in June 1998 and
March 1999 to confirm the validity of the plant's Continuous Emission Monitoring System
(CEMYS) for NOx, SO,, and CO, and to verify the CO and particulate emissions. The emission
monitoring system met all EPA-required standards for accuracy. As described below, the HCCP
demonstrated the ability to maintain air emissions at levels below both the Air Permit limits and
the applicable EPA NSPS limits and, furthermore, to meet the more stringent DTP emission
goals.

+  NOx emissions were monitored continuously by the CEMS. During the DTP, the range
of NOx emissions was 0.208 to 0.278 Ib/million Btu, with a typical emission level of
0.245 Ib/million Btu (30-day rolling average). During the 90-Day Commercial Operation
Test, NOx emissions averaged 0.275 Ib/million Btu (30-day rolling average). The
applicable NSPS limit for NOyx for the HCCP is 0.5 Ib/million Btu, the Air Permit limit is
0.350 Ib/million Btu, and the DTP emission goal is 0.20 to 0.35 Ib/million Btu.

« SO, emissions were monitored continuously by the CEMS. During the DTP, SO,
emissions averaged 0.038 Ib/million Btu (30-minute average corrected to 3 percent
oxygen [O3]). During the 90-Day Commercial Operation Test, SO, emissions averaged
approximately 0.060 Ib/million Btu. The Air Permit limit is either 0.086 Ib/million Btu
(annual average) or 0.10 Ib/million Btu (3-hour average).

«  CO emissions were monitored continuously by a stack O,/CO anayzer. Duringthe DTP,
CO emissions were typically 30 to 40 ppm (30-minute average corrected to 3 percent O,).
During the 90-Day Commercia Operation Test, CO emissions were typically in the 20 to
50 ppm range. The Air Permit limit and the DTP emission goal are 202 and 206 ppm,
respectively, corrected to 3 percent O..

«  Opacity was monitored continuously by the CEMS. The opacity measurements were
used as an on-line indication of particulate emissions. During the DTP, typical opacity
measurements ranged from 2 percent to 6 percent, based on a 30-minute average. Bag
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maintenance was higher during 1998 due to premature baghouse filter bag failures caused
by poor inlet gas distribution. This problem was corrected in 1999. During the 90-Day
Commercial Operation Test, opacity averaged approximately 5.5 percent, which is
significantly below the permit limits of 20 percent opacity for a 3-minute average and 27
percent opacity for one 6-minute period per hour. The particulate emission limit, Air
Permit limit, and DTP emission goal are 0.03, 0.02, and 0.015 Ib/million Btu,
respectively.

45.2 Combustor Performance

verall, the combustor operation and performance demonstrated during the TRW Combustion

System Characterization Testing and the 90-Day Commercial Operation Test were quite
encouraging given that this was the first utility-scale demonstration of this promising new
technology. The overall system met or exceeded all goals for achieving low NOx and SO,
emissions at the stack, with extremely low CO levels in the furnace, very high carbon burnout,
and removal of the majority of ash prior to entering the furnace. These results were achieved
while burning both ROM and ROM/waste coal blends. The ability to control precombustor
dagging behavior while burning ROM/waste coa blends was demonstrated, athough
improvements in precombustor burner configuration and operating conditions were required to
achieve this control.

Based on the results of prior testing and on the 90-Day Commercial Operation Test, most project
participants agree that demonstration of the combustor technology is successful on a non-site-
specific basis. The Harris Group Inc. (the Harris Group) has confirmed that the new technology
would be capable of sustained operations using coal with a heating value as low as 7,000 Btu/Ib.
TRW has noted that only “minor operational changes, rather than design changes, will be
required for sustained operation with coals significantly below 7,000 Btu/lb.” This comment and
additional details regarding the combustor performance during this extended test period are
provided in the “Healy Clean Coa Project, Topical Report: 90-Day Commercial Operation Test
and Sustained Operations Report: A Participant Perspective, May 2000” (AIDEA 2000e).

45.3 Boiler Performance

Foster Wheeler’ s Boiler Performance Guarantee Testing for the HCCP was executed on March
29 and 30, 1999, in accordance with Contract No. HCP-009 between Foster Wheeler and
AIDEA, requirements of the DOE Demonstration Test Program, and the Foster Wheeler “Boiler
Performance Guarantee Test Program and Procedures’ provided in Appendix A of the “Healy
Clean Coa Project, Topical Report: Boiler Performance Testing, March 2000” (AIDEA 2000b).

The boiler test was conducted by Foster Wheeler and witnessed by Stone & Webster. As noted
in the Boiler Performance Topical Report, Stone & Webster’s judgment regarding the test was
that “ . . . the boiler guarantees as presented in Table 1 were satisfactorily met . . ..” Key boiler
performance test results are provided below in Table 4-5. More detailed boiler performance test
results are presented in Appendix A of the Boiler Performance Topical Report (Stone & Webster
1999).
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Stone & Webster, the witnessing engineer, and Foster Wheeler, the test engineer, believe that the
analysis employed, the results obtained, and the conclusions drawn are valid.

454 SDA Performance

I:ormal SDA Performance Guarantee Testing, as required by Contract No. HCCP-007 between
AIDEA and B&W, was conducted between June 7 and June 11, 1999. A tota of nine tests
were conducted, eight of which were considered acceptable. The test results are summarized in
Table 4-6. For comparison, the contractually guaranteed values are also included. From the test
results, it is concluded that the SDA System at the HCCP has met all performance guarantee
requirements of Contract No. HCCP-007 between AIDEA and B&W.

46  Operation and Reliability

Overall, HCCP equipment has performed well during various test programs. In general, the
plant operates similar to other plants of its size and is undergoing the normal problems
associated with bringing on a new plant. Specific problems encountered and solutions to
eliminate those problems are described in the following sections. This information can also be
found in the operations reports for 1998 and 1999 (AIDEA 1998, AIDEA 1999). All problems
have been adequately resolved, or plans were developed to solve them in the future. All of the
solutions are applicable to commercial-scale installations using the technol ogy.

For a detailed description of system and equipment problems encountered in 1998 and 1999 refer
to Appendix D.

4.6.1 Critical Component Failure Analysis

Slagging or Plugging Problems in the Slagging Combustors when Using Low Heating
Value Coal

fter completing the 90-Day Commercial Operation Test, some slagging or plugging

problems were observed in TRW precombustor ‘B’ when using coa quality below 7,000
Btu/lb. However, based on the performance in precombustor ‘A, there does not appear to be
excess slagging or plugging using coa heating values between 6,800 and 7,000 Btu/lb. Only
minor operational changes, rather than design changes, may be required for sustained operation
with coals significantly below 7,000 Btu/lb.

During the early part of the 90-Day Commercial Operation Test, there was a small conflagration
in pulverizer ‘B, that caused damage to splitter ‘B’ coa flow dampers. This caused
precombustor ‘B’ to receive nearly twice the required coa flow, resulting in precombustor ‘B’
being more sensitive to coa quality. Therefore, the performance of precombustor ‘B’ after the
conflagration should not be taken as normal. Equipment on the ‘B’ side remained operationa
even in adamaged condition, which demonstrated the operational flexibility of the system.
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During the 90-Day Commercial Operation Test, the unit ran on coa with heating values less than
7,000 Btu/Ib a number of times without problems in emissions, load, or ash-handling capacity.
From October 26 through October 30, 1999, low-heating-value coa was burned in both
combustors, and precombustor ‘A’ performed normally and did not require rodding out.

In the “Healy Clean Coa Project, Topica Report: 90-Day Commercia Operation Test and
Sustained Operations Report: A Participant Perspective, May 2000” (AIDEA 2000e), TRW, the
combustor manufacturer, stated the following: “ . . . based on the performancein ‘A’ combustor,
there does not appear to be any indication of excess slagging or plugging problems during
operation with coa heating value between 6,800 and 7,000 Btu/lb.” TRW also added in the
same report that “Based on the experience gained during the PC [precombustor] Burner
Characterization Tests performed during March/April 1999, it is likely that minor operational
changes rather than design changes will be required for sustained operation with coas
significantly below 7,000 Btu/lb. This would possibly include reduction in the PC coal split as
well as tuning of PC and SC [slagging combustor] stoichiometry for lower coa heating value.
The PC and SC stoichiometry could then be automated to track with inferred coal heating value.”

Potential Future Modificationsto the Coal Transport System

fter the 90-Day Commercial Operation Test, the exhauster fans in the coal feed system

showed significant wear. As a result, the coa transport system may need to be modified
between the feeder outlet and the combustor inlet. Remediation options are placing one or more
primary air fans in a segregated air path upstream or downstream of the tubular primary air
preheaters and upstream of the pulverizers, using eductors instead of fans to provide coal
transport air to the combustors, adding two small pulverizers, improving the durability of
exhauster fan materials, reducing the fan blade tip speed, adjusting the air flow rates, or simply
changing out the exhauster fans on aregular basis, as needed.

Modification of the coal transport system is also under evaluation as a result of the conflagration
that occurred in pulverizer ‘B’ on September 6, 1999. On that date, an explosion occurred in the
fuel preparation and transport system. The pulverizer ‘B’ inlet air duct was ruptured at the mill
inlet connection, its mill exhauster casing was partialy deformed, and its mill feeder sustained
internal damage. According to Foster Wheeler, who investigated the incident and documented
resultsin an AIDEA internal memo, “ . . . it is believed that the explosion occurred as a result of
a spontaneous combustion of fuel and volatile gases, which accumulated during the mill shut-
down cycle.” Control modifications recommended by Foster Wheeler were implemented to
mitigate future occurrences.
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Table4-1

Coal and Ash Char acteristics.

Characteristics ROM Coal Waste Coal Performance Coal
PROXIMATE ANALYSIS

(percent by weight, as-received

basis)

Moisture 26.35 23.87 25.11
Ash 8.20 25.00 16.60
Volatile 34.56 27.00 30.78
Fixed Carbon 30.89 24.13 2751
Total 100.00 100.00 100.00
ULTIMATE ANALY SIS (percent

by weight, as-received basis)

Moisture 26.35 23.87 25.11
Ash 8.20 25.00 16.60
Carbon 45,55 35.59 40.57
Hydrogen 3.45 2.70 3.07
Nitrogen 0.59 0.46 0.53
Sulfur 0.17 0.13 0.15
Oxygen 15.66 12.23 13.94
Chlorine 0.03 0.02 0.03
Total 100.00 100.00 100.00
ELEMENTAL ASH ANALYSIS 38.61 74.58 65.59
(percent by weight, as-received

basis)

Silicon Dioxide 16.97 9.16 11.09
Aluminum Oxide 0.81 0.43 0.52
Titanium Dioxide 7.12 4.18 4.90
Ferric Oxide 23.75 6.32 10.62
Calcium oxide 4.54 1.32 1.87
Potassium Oxide 1.02 1.21 1.16
Sodium Oxide 0.66 0.65 0.65
Sulfur Trioxide 5.07 1.36 2.28
Phosphorus Pentoxide 0.48 0.24 0.30
Strontium Oxide 0.23 0.07 0.11
Barium Oxide 0.44 0.15 0.22
Manganese Oxide 0.06 0.05 0.04
Undetermined 124 0.29 0.55
Total 100.00 100.00 100.00
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Table4-2 Limestone Chemical Analysis.

Chemical Sample Number

Constituent 1 2 3 4 5
(percent dry (06/08/99 (06/09/99 (06/09/99 (06/10/99 (06/10/99
basis) 08:00 hr) 04:00 hr) 18:00 hr) 04:00 hr) 14:00 hr)
Calcium (Ca) 38.93 39.59 39.80 39.70 39.58
Carbonate (COz) 59.22 59.13 58.70 58.85 59.15
Magnesium (MQ) 0.42 0.30 0.34 0.35 0.33
Inerts 1.19 0.60 0.55 0.54 0.53

Table4-3 Limestone Particle Size Distribution.

Particle Sample Number

Size 1 2 3 4 5 6 7 8

(percent by | (06/08/99 | (06/08/99 | (06/09/99 | (06/09/99 | (06/10/99 | (06/10/99 | (06/11/99 | (06/11/99

weight) 08:00 hr) | 12:00 hr) | 04:00 hr) | 18:00 hr) | 04:00hr) | 14:00hr) | 04:00hr) | 14:00 hr)

on 80 Mesh 0.08 0.11 0.20 0.17 0.11 0.16 0.02 0.14

on 100 1.05 0.99 1.06 1.07 1.08 1.00 0.79 0.98

Mesh

on 140 3.06 3.12 3.31 3.13 3.52 3.19 2.98 3.44

Mesh

on 200 8.10 8.40 8.76 8.09 10.86 8.41 8.36 9.29

Mesh

on 270 60.94 63.12 60.91 59.64 63.02 56.53 53.60 59.63

Mesh

on 325 0.13 0.09 0.11 0.09 0.11 13.54 3.12 3.99

Mesh

through 325 | 26.64 24.17 25.65 27.81 21.30 17.17 31.13 22.53

Mesh

Total 100.00 100.00 | 100.00 100.00 100.00 100.00 100.00 100.00
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Table4-4

Key Test Parametersand Methods.

Test Method Comments

Par ameter

SO, EPA Method | SO, emissions are measured at the Continuous Emission

Emissions 6C Monitoring System (CEMYS) location in the stack, and the
system removal efficiency is determined by using the calculated
uncontrolled and the measured controlled SO, emission.

Particulate EPA Method | The flue gas flow rate, particulate matter, and moisture content

Matter 5B in the exit gas are measured immediately downstream of the

Emissions baghouse outlet at the CEMS location in the stack. The
measured value for particulate matter emissions excludes
condensables and sulfuric acid mist as defined by EPA Test
Method 5B. Particulate samples from each test are saved for
anaysis.

Opacity Plant The opacity reading of the opacity meter at the CEMS location

Opacity in the stack is recorded and used.
Monitor

Table4-5 Boiler Performance Test Results and Perfor mance Guar antees.

Parameter Guarantee or Predicted Actual

Maximum Steam Flow 490,000 Ib/hr 493,865 lb/hr

Pulverizer Power 330 kW 213.6 and 204.4 kW

Forced Draft Fan Power 3,150 kW 1,492 kW

Steam Pressure 1,300 psig 1,308 psig

Steam Temperature 955° F 957° F

Boiler Efficiency 79.15 percent 82.2 percent
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Table 4-6 SDA Performance Test Results and Perfor mance Guar antees.

Parameter Parameter Values
Guarantee | Test1 | Test3 | Test4 | Test5 | Test6 | Test7 | Test8 | Test9

SO, Emission 79.6 <2.01 |<207 |<213 |<215 | <210 | <213 |<213 |<2.15

(Ib/hr

maxi mum)

Particul ate 0.015 0.0023 | 0.0042 | 0.0052 | 0.0040 | 0.0027 | 0.0030 | 0.0014 | 0.0034

Loading

(Ib/million

Btu

maximum)

Opacity Maximum | Range:

(percent) of 20 1315| 13 | 15 | 15 | 11- | 10- | 13- | 13
percent 1.7 1.7 1.7 14 2.0 15 15
fora
maximum | Max:
of 3 15 1.7 1.7 1.7 14 2.0 15 15
minutesin
an hour,
and
during the
3 minutes
a
maximum
of 27
percent

System 13 10.0 10.5 9.6 9.7 9.8 9.9 9.8 9.9

Pressure Drop

(in. WG)

System Power 550.5 334 330 324 331 333 333 328 340

Consumption

(kW)
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5.0 TECHNICAL PERFORMANCE

he technical performance of the

HCCP isdescribed in the “Healy
Clean Coal Project Demonstration Test
Program, Topical Report: Combustion
System Operation Final Report, March
2000” (AIDEA 2000c), the “ Spray
Dryer Absorber System Demonstration
Test Report for Healy Clean Coal
Project, November 2000” (AIDEA
2000g), and the 1998 and 1999
operations reports (AIDEA 1998,
AIDEA 1999). Theresults described in
these reports and the detailed analysis
of process variables are provided in this = r
section.

51 Combustor System

Combustor system demonstration tests were conducted throughout 1998 and 1999. The
results are described in the report entitled “Healy Clean Coal Project Demonstration Test
Program, Topical Report: Combustion System Operation Final Report, March 2000” (AIDEA
2000c). The results of the combustor system demonstration tests and comparison with Cleveland
Test Facility pilot tests include the following.

+ Low NOx emissions (0.20 to 0.30 Ib/million Btu) were demonstrated with ROM/waste
coa blends. These results were achieved with very low O, levels (3 to 5 percent)
simultaneously with extremely low CO emissions (20 to 50 ppm).

« Slagging behavior in the precombustor was more variable with ROM/waste coal than
with ROM coal.

« The coa feed system, excluding the mill exhauster fans, operated reliably and was
capable of varying the splits to the precombustor, the combustor, and the NOx ports.

« Combustor performance correlated with anaytical model performance, thus validating
the Cleveland Test Facility pilot test and the scaling of these results.

Potential future changes to the combustor system may result in NOx emissions of approximately
0.20 Ib/million Btu. This would require further reduction in combustor stoichiometry, a
reduction in furnace O,, and an increase in furnace air staging. TRW believes levels around 0.10
[b/million Btu NOx could be achieved with ammonia injection into the combustor.
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Overall, the combustor system operated extremely well and performed well on all grades of coal
tested, with daily average coal heating values ranging from approximately 6,800 to 7,900 Btu/lb.
High combustor availability was achieved throughout the tests.

52  SDA System

A performance tests were conducted between June 7 and June 11, 1999, and SDA System

emonstration tests were conducted between November 3 and November 15, 1999. The
results of these tests are provided in the topical reports entitled “Spray Dryer Absorber System
Performance Test Report for Healy Clean Coa Project, February 2000” (AIDEA 2000a) and
“Spray Dryer Absorber System Demonstration Test Report for Healy Clean Coal Project,
November 2000” (AIDEA 2000g).

The results of these demonstration tests include the following.

« High sulfur removal efficiencies in excess of 90 percent can be achieved on a long-term
basis with low sulfur coals on the order of 0.15 percent sulfur.

« Approach of the flue gas saturation temperature can be in the 30° F to 40° F range and
achieve high efficiencies. Original design criteria considered that the flue gas saturation
temperature might have to be aslow as 18° F.

- Heat activation of the feed dlurry appears to provide significant enhancement in SO,
removal. The economics will depend on the costs of limestone and steam. However,
heat activation could be used to handle swings in sulfur content of coal, i.e., burn higher
sulfur coal at higher heats.

The most important variablesin order of significance are:

- approach to saturation temperature
- heat activation of the SDA feed slurry
- reagent stoichiometry.

The SDA performance tests were conducted as requirements of the AIDEA/B&W contract HCP-
007 and the DTP. These tests were conducted burning coal with approximately 11.4 percent ash
and a sulfur content of approximately 0.2 percent. The tests indicated that, under the test
conditions, SO, emissions were around 2 Ib/hr, which is significantly below the contract
guarantee of 79.6 Ib/hr (see Table 4-6).

5.3 Process Variables

An analysis of process variables has been conducted for the period covering the 90-Day
Commercial Operation Test, which is considered to be most representative of steady-state
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conditions. Data gathered during the balance of the test period, when operating conditions were
being adjusted to facilitate the demonstration tests on the new technology or to improve
operations, are not included.

5.3.1 Coal Heating Value

Figure 5-1 shows NOx emissions as a function of coa heating value. The data indicate that
NOyx emissions are independent of coal heating value of the coals burned to date. Thisisa
significant result because it shows that the new technology can achieve low NOx emissions
while burning coals varying from ROM to low-grade waste coal. This is an operational and
economic advantage because it allows flexibility in the coa quality being burned, allows the use
of low-cost waste coal, and reduces waste disposal problems and costs. These data from the 90-
Day Commercial Operation Test are consistent with trends observed during the DTP, when it
was observed that NOx emissions were not a function of coa heating value, low NOx emissions
being achieved with both ROM and waste coal blends. During May 1998, a 14-day test was
conducted, with ROM coal being burned for the first 10 days and a waste coal blend being
burned for the next 4 days. The NOx emissions were constant over the entire 14-day test period,
indicating that NOx emissions were relatively independent of coal heating value.

Figure 5-2 shows CO emissions as a function of coal heating value. The data show minimal
variation in CO emissions as a function of coal heating value. This is also a significant result
because it shows that the new technology can achieve very low CO emissions concurrent with
low NOx emissions when burning coals varying from ROM to waste coal blend. This indicates
that the combustion system has a high combustion efficiency burning coa with heating values
ranging from 6,600 to 7,800 Btu/lb, thus providing operational and economic advantages.

Capacity factor for each day of the 90-Day Commercial Operation Test is plotted as a function of
coa heating value in Figure 5-3. There appears to be a minimal reduction in capacity factor with
waste fuel, which would allow greater use of low heating value waste coal. It should be noted
that the majority of the data points at reduced capacity were due to the deliberate reduction of
load during the SDA performance characterization tests conducted in conjunction with the 90-
Day Commercia Operation Test.

5.3.2 Coal Sulfur Content

he data in Figure 5-4 show only a dight dependency of sulfur removal efficiency on sulfur

content in the coal. Thistrend is unique, since typical low sulfur limestone scrubbing shows
a greater decrease in efficiency with very low sulfur coal. The high level of overal sulfur
remova efficiency for the low sulfur coa is noteworthy. It appears that the staged sulfur
removal of this technology provides higher sulfur removal than conventional spray drying.

5.3.3 Limestone Feed Rate

Figure 5-5 shows sulfur removal efficiency as a function of limestone injection rate, and
Figure 5-6 shows sulfur removal efficiency as a function of calcium to sulfur ratio (CalS).
Both figures indicate little variation in sulfur removal efficiency over arange of variables. The
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design limestone feed rate is approximately 13 tons per day. A higher-than-design amount of
limestone was injected during most of the 90-Day Commercial Operation Test to ensure SO,
emission compliance. Nominal sulfur removal efficiency was 85 to 90 percent at CalS ratios
ranging from 1.8 to 6.0. The test data indicate that there is not any benefit to higher limestone
injection rates and that thereislittle gain in efficiency at CalS levels greater than 3. Thisimplies
that there is some limiting factor in the system, possibly conversion of limestone to calcium
oxide, residence time in the SDA, or removal efficiency of the baghouse (i.e., limited surface
areq).

5.3.4 ExcessAir (O,)

igure 5-7 shows that CO emissions are not a function of excess air. This trend indicates that

high combustion efficiency is being achieved. Carbon monoxide is aregulated air pollutant.
The absolute level of CO emissions, 25 ppm, is significantly below the regulated permit level of
200 ppm.

5.35 Ash Content of Coal

s shown in Figure 5-8, 90-Day Commercial Operation Test data indicate a decrease in

baghouse removal efficiency, as indicated by percent opacity, with higher ash content in the
coa. Since the baghouse is a constant-efficiency device for a given particle size, this trend
would be logical if the particle size tended towards very small particles. Based on experience
and tests with the HCCP coal, the ash does tend to form very small particles. Alternatively, there
may have been aleak developing in the baghouse material, allowing bypass of small particles.

5.3.6 Gross Power Output

Figure 5-9 shows NOx emissions as a function of unit load. Included in the plot are NOy
emission data during: 1) start-up operations including oil-only firing conditions (load less
then 20 MWe), 2) coal firing on one combustor with oil firing on the other combustor (load
approximately 35 MWe), and 3) operation of one combustor only at high thermal input (30
MWe). The remaining data points describe coal-fired operation at part load. Although part-load
operation was limited during the 90-Day Commercial Operation Test, the data indicate that NOx
emissions at part load are similar to those at full load and are below the Air Permit limit of 0.35
[b/million Btu. Conventional boilers typically have increased NOx emissions at lower loads.

Figure 5-10 plots net heat rate versus unit load. As anticipated for most conventional units, heat
rate increases as load is reduced. The HCCP shows an increase of 16 percent in heat rate at
approximately 50 percent load. Thistrend istypical of all coal-fired units.
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Figure 5-1 NOx Emissions vs. Coal Heating Value
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Figure 5-3 Daily Capacity Factor vs. Coal Heating Value
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Figure 5-4 SO, Removal vs. Percent Sulfur in Coal
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Figure 5-5 SO, Removal vs. Limestone Injection Rate
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Figure 5-7 CO Emissions vs. Excess O,

(CO Permit Limit = 200 PPM)
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Figure 5-8 Opacity vs. Ash Content of Coal
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Average Daily Gross Power (MWe)

Figure 5-9 Average Daily NOx Emissions vs. Daily Gross Power
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6.0 ENVIRONMENTAL PERFORMANCE

he technology demonstrated significant environmental benefits. In this particular

application, the plant is located very near a pristine wilderness area and a heavily visited
national park and, therefore, ambient and visibility monitoring have been of great concern. The
low NOy, SO,, and particulate
emissions resulted in no noticeable
impacts to the National Park Visitors
Center or the surrounding area.
Emissions resulted in no significant
impacts on regional haze.

Replication and commercia
implementation of the technology
elsewhere could result in additional
environmental benefits by
contributing significantly to the
reduction of acid rain, which is of
great concern in the east coast of the
United States, Canada, and other
industrialized areas.

The technology also provides another significant environmental benefit - waste minimization.
The combustors are capable of burning waste coals, which can be a by-product of ROM coals
and, in some cases, would have to be disposed of at an additional cost. A “market” is created for
what could otherwise be an unuseabl e product.

The HCCP Final Environmental Impact Statement (Final EIS) provides a discussion of the
anticipated environmental performance of the HCCP (DOE 1993). The Fina EIS provides
evaluations of the HCCP Demonstration Test Program, which was the first phase of the HCCP
testing the clean coal technology, and of the commercial operation of the plant. Severa project
participants evaluated the actual environmental performance of the HCCP during the DTP.
Commercial operation of the HCCP has not commenced.

This section of the Project Performance and Economics Report compares the environmental
performance predicted in the Final EIS with the actual environmental performance measured
during the HCCP DTP. Severa operating parameters were chosen for this evaluation, including
raw material usage (coal, limestone, and cooling water), air emissions (SO,, NOx, PM/opacity,
and CO), water discharges (wastewater and cooling water), and solid wastes (ash waste and
limestone waste). These data were obtained from the HCCP Distributed Control System (DCS),
permit compliance reports, and reports prepared by project participants including AIDEA,
GVEA, TRW, and Stone & Webster. Most of the data used here are from the HCCP 90-Day
Commercial Operation Test because that period of HCCP operation was most representative of
steady-state conditions and because a substantial amount of data was collected during the test.
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The 90-Day Commercial Operation Test was performed from August 17 through November 15,
1999, near the end of the 2-year-long DTP.

This section also provides a discussion of the predicted environmental performance of a
hypothetical 300-MWe scale-up of the HCCP facility that would be constructed in Wyoming.
This hypothetical facility, termed the “CC-300,” would utilize the same technology as the HCCP
with some minor design changes. These design changes include the addition of six
precombustor/slagging combustor units (four units on each side of the boiler instead of two units
on one side), the replacement of forced-circulation combustor cooling by natural-circulation
combustor cooling, and the replacement of the once-through cooling system by a cooling tower.
Other design changes are discussed in Section 7.0. Some of the changes were made because the
characteristics of facilities constructed in the “Lower 48" differ from those located in Alaska due
to differences in climate, regulatory requirements, resource availability, and many other factors.
Once the design changes were incorporated, environmental performance of the CC-300 was
estimated using evaluations of actual data from the HCCP and data from other testing facilities.
Several operating parameters are used here to define the CC-300 environmental performance,
including raw material usage, air emissions, water discharges, and solid wastes. Additional
design information for the CC-300 is provided in Section 7.0.

6.1  Anticipated Environmental Performance of the HCCP

he HCCP Final EIS was issued in December 1993. The EIS was prepared by DOE to define

the potential environmental impacts of the HCCP during demonstration of the clean coal
technologies (the DTP) and during commercial operation.  Overal, the anticipated
environmental impacts of the HCCP were “minor for most resource areas,” with major concerns
being potential impacts of air emissions on air quality and visibility in the HCCP area (DOE
1993). These potential impacts were primarily based on the fact that the HCCP would be located
just afew miles north of the Denali National Park and Preserve (DNPP).

Table 2.1.2 of the Fina EIS provides a summary of severa magor HCCP operating
characteristics related to environmental performance. Vaues of operating characteristics in
Table 2.1.2 of the Final EIS are those anticipated for operation of the HCCP within the
“demonstration case” (which meets the DTP goals) and at a capacity factor of 85 percent. Table
6-1 is a summary of portions of Table 2.1.2 of the Fina EIS that are applicable to this analysis,
as well as additional parameters that are useful for this analysis, such as heat input and coal
heating value.

6.1.1 Anticipated Raw Material Usage

he raw material usage rates evaluated in this section include those for coal, limestone, and

cooling water. As shown in Table 6-1, the Final EIS predicts that 344,600 tons of coa and
5,600 tons of limestone would be required per year of HCCP operation at a capacity factor of 85
percent. The prediction of coa usage was made during the design process by evauating the
required heat input for the combustion system, the heating value of the codl, the desired facility
output, and other parameters. The coal sulfur content, the efficiency of the SO, removal
systems, the emission requirements, the properties of the limestone, and other engineering

Healy Clean Coal Project 6-2
Project Performance and Economics Report

Final Report: Volume 2

April 2001



parameters were used to predict the limestone usage rate. About 12,500 million gal/year (24,000
gpm) of cooling water would also be required for the HCCP. The determination of the cooling
water flow rate was based on the temperature of the water supply (the Nenana River), the design
details of the condenser system, and the NPDES thermal discharge requirements.

6.1.2 Anticipated Air Emissions

A nticipated HCCP air emissions were provided primarily by the developers of the integrated
clean coal technologies. TRW, B&W/Joy, and Foster Wheeler estimated emission rates by
reviewing the results of severa pilot-scale tests of the technologies, by evaluating other facilities
that contained portions of the HCCP clean coal technology, and by engineering analyses. Earlier
sections of this report provide additional information on the development of the technologies, the
pilot- and full-scale tests, and the implementation of the HCCP technologies.

The predicted emission rates presented in the Final EIS were used in part to develop emission
limits for the Air Quality Permit to Operate No. 9431-AA001 (Air Permit). The Alaska
Department of Environmental Conservation (ADEC) issued the Air Permit, which also covers
Healy Unit No. 1, in 1994. The Air Permit contains emission limits that are less stringent than
the clean coal technology program goals developed by DOE and presented in the Final EIS but
are more stringent than the applicable EPA NSPS (provided in 40 CFR 60 Subpart Da) for
certain new electric power-generating facilities. The rigorous air emission goals in the Final EIS
were not used as Air Permit emission limits because the clean coal technology was considered to
be experimental and some operational details were still unknown. However, the Air Permit did
state that the permitted emission limits would be lowered if the technology demonstrated the
ability to meet the program goals. Until a decision is made regarding the future of the plant, no
permit changes will be proposed.

The HCCP Demonstration Test Program Report (Stone & Webster and Steigers Corporation
1998) contains a set of emission goals that are essentially the same as those presented by DOE in
the Final EIS (DOE 1993). However, the goal for NOx emissions in the DTP was 0.20 to 0.35
[b/million Btu, which is less stringent than the NOx emission goal in the Fina EIS of 0.20
Ib/million Btu. The Air Permit emission limits, the applicable NSPS requirements, and the
program emission goals (both DTP and Final EIS) are given in Table 6-2.

6.1.3 Anticipated Water Discharges

he HCCP was designed to discharge treated wastewater and once-through condenser cooling

water to the Nenana River under a National Pollution Discharge Elimination System
(NPDES) Permit. The treated wastewater consists primarily of boiler blowdown and
demineralizer regenerant wastewater. The treatment system was designed to utilize
sedimentation, clarification, and neutralization processes. The discharge rate was estimated
using data related to the quality of the incoming water, the wastewater treatment system
capability, the boiler specifications, and other plant specifications. The Final EIS estimated the
treated wastewater discharge flow rate to be approximately 233,536 gal/day when the plant is
operating. The wastewater would be discharged via the HCCP Nenana River discharge outfall.
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The once-through condenser cooling water used by the HCCP originates from the Nenana River,
is transported through the condenser system to cool the power generating equipment, and does
not undergo any water treatment. The Final EIS estimated that the once-through cooling water
would be discharged to the Nenana River at a rate of approximately 40,000,000 gal/day. The
condenser system was designed to have a temperature increase across the condenser system of
approximately 27.5° F, which would result in the Nenana River experiencing a temperature
increase of about 9.3° F above ambient at a distance of 30 feet downstream of the HCCP
discharge outfal. The 9.3° F increase was estimated by therma modeling performed for the
Final EIS, and that temperature increase was later used to establish a mixing zone for the NPDES
Permit Application. The NPDES Permit allowed the mixing zone, provided that the discharge
temperature was not greater than about 89° F and the Nenana River temperature at a distance of
650 feet downstream from the HCCP discharge outfall was no greater than 59° F. The NPDES
Permit did not provide for a temperature monitoring point at 30 feet downstream of the outfall
for verification of the 9.3° F increase in river temperature at that location predicted by the Final
EIS.

6.1.4 Anticipated Solid Wastes

lid wastes included in this evaluation are slag/bottom ash, fly ash, and limestone waste, all

f which are nonhazardous wastes. The proportions of slag/bottom ash and fly ash were
expected to be approximately 80 percent and 20 percent, respectively. This ash breakdown is
significantly different than the ash breakdown for other more conventional coal-fired facilities,
which generate mostly fly ash. The Final EIS states that approximately 45,750 tons/year of
slag/bottom ash and 11,450 tons/year of fly ash waste would be generated by the HCCP at an 85
percent capacity factor. The bottom ash would be collected at the bottom of the boiler hopper
and routed into asilo. The fly ash would be collected in the SDA and in the baghouse, and, from
there, it would be routed with the limestone waste to a silo. The amount of limestone waste
generated by the HCCP at an 85 percent capacity factor was estimated to be approximately 5,550
tons/year. All three of these solid wastes would be transported via truck to the adjacent UCM for
disposal.

Although the EPA does not regulate slag/bottom ash, fly ash, or limestone waste as hazardous
wastes (40 CFR Part 261, Regulatory Determination on Wastes from the Combustion of Fossil
Fuels, FR Volume 65, No. 99, Final Rules, May 22, 2000, pp. 32214-32235), the Fina EIS
contains documentation relating to the toxicity of these wastes. Toxicity tests were performed on
the slag/bottom ash and fly ash using the Toxicity Characteristic Leaching Procedure (TCLP).
None of the metals contained in the ash leached at concentrations exceeding the respective TCLP
limits given in 40 CFR 261.24 (DOE 1993). Based on the composition of limestone, the Final
EIS stated that the limestone waste would consist mainly of calcium sulfate with little or no toxic
metals, and TCLPs were not performed (DOE 1993). Therefore, the wastes would not be
“characteristic” hazardous wastes and would not need to be handled as such. It should be noted,
however, that the EPA plans to establish national regulations for non-hazardous wastes under the
Resource Conservation and Recovery Act (RCRA) that will be applicable to fossil fuel
combustion by-products at some timein the future.
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6.2  Actual Environmental Performance of the HCCP duringthe DTP

A s stated above, the performance data used for comparison with the performance estimates of
the Final EIS are primarily the data generated under the 90-Day Commercial Operation Test
rather than under the entire 2-year-long DTP because that period of HCCP operations was most
representative of steady-state conditions and because a substantial amount of data was
accumulated during the test. The 90-Day Commercia Operation Test data used here are DCS
data provided by TRW, the Harris Group, and AIDEA. Some operating parameters, such as
cooling water flow rates, were not contained in the DCS data, and, therefore, compliance reports
completed by GVEA and other DTP reports were used to supplement the DCS data. A summary
of the operating parameters chosen to define actual environmental performanceis givenin Table
6-3. Vaues of environmental performance parameters that were anticipated, to the extent that
they are available, are dso included in Table 6-3.

6.2.1 Actual Raw Material Usage

Duri ng the 90-Day Commercial Operation Test, approximately 88,800 tons of coal and 1,700
tons of limestone were utilized according to the DCS data. The capacity factor during the
90-Day Commercial Operation Test was about 94.79 percent. These total raw material usage
rates equate to yearly usages of 327,697 tons'year and 6,023 tons/year of coal and limestone,
respectively, at the capacity factor used in the Final EIS, which was 85 percent. The usage rate
for coal was about 5 percent lower than predicted; however, the heating value was about 3
percent higher and the ash content was about 23 percent lower than predicted. The limestone
usage rate was about 8 percent higher than predicted in the Final EIS. The sulfur content of the
coa utilized in the 90-Day Commercial Operation Test was about 13 percent higher than
predicted.

The cooling water requirement during approximately 6 months of the DTP at times when the
plant was presumed to be running at nearly full capacity averaged 12,500 million gal/year. The
adjusted flow rate for an approximate capacity factor of 85 percent would have been about
10,640 million gal/year. The actual cooling water usage was about 15 percent lower than the
ElS-predicted usage of 12,500 million gal/year.

6.2.2 Actual Air Emissions

Air emissions from the HCCP were measured continuously during the DTP. Part of the
HCCP DCS includes a CEMS that measures NOx, SO,, and CO, emissions and opacity at
the stack. The CEMS isrequired by the EPA NSPS and by the Air Permit. Although the CEMS
is not required for CO emissions, CO is measured by a CO/O, instrument located in the furnace,
with the data recorded on the DCS. In addition to requiring a CEMS, the EPA NSPS and the Air
Permit require that stack tests be performed to evaluate the accuracy of the CEMS. In June 1998
and March 1999, stack tests were performed at the HCCP. The March 1999 test was are-test for
PM emissions because equipment malfunctions had caused an exceedance of the PM emission
[imit during the June 1998 test.
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TRW also evaluated emissions during the DTP and provided “typical” emissions in its “Healy
Clean Coal Project Demonstration Test Program, Topical Report: Combustion System Operation
Final Report, March 2000” (AIDEA 2000c). TRW'’s “typical” emissions were similar to those
measured during the 90-Day Commercial Operation Test. Typical SO, emissions were 0.038
Ib/million Btu, typical NOx emissions were 0.245 [b/million Btu, typical opacity was 5.5 percent
in the early portion of the DTP and 2.3 percent during later portions of the DTP, and CO
emissions were typically 30 to 40 ppm.

All of the Air Permit emission limits and applicable EPA NSPS requirements were met by the
HCCP during the DTP, with the exception of intermittent exceedances caused by equipment
malfunctions, plant startup, and plant shutdown. CO emissions were much lower than permitted
limits. Such low CO emissions are not generaly characteristic of conventional coal-fired
facilities, especially when NOx emissions also remain low. The HCCP also met or approached
all of the DTP air emission goals presented in the Final EIS. The NOx emission goal presented
in the Final EIS was 0.20 Ib/million Btu, and actual NOx emissions range from about 0.24 to
0.27 Ib/million Btu. These NOx emission levels were achieved without any optimization of the
slagging combustor and furnace operating parameters. The NOx emission goa presented in the
HCCP Demonstration Test Program Report (AIDEA 2000d) and in the performance guarantees
from the technology providers was 0.20 to 0.35 Ib/million Btu. The HCCP consistently met the
DTP NOx goals. All other parameters were measured at emission rates below the DTP air
emission goals. Actua results from the DTP and from the 90-Day Commercial Operation Test
are included in Table 6-2 for comparison with the Air Permit emission limits, the applicable
NSPS requirements, and the program emission goals.

6.2.3 Actual Water Discharges

he HCCP operated within the limits of the NPDES Permit for the discharge of treated

wastewater and once-through condenser cooling water during the 90-Day Commercia
Operation Test (AIDEA 2000e). For thisanalysis, the data used to complete the NPDES reports
were reviewed for the months of June, July, August, September, October, November, and
December 1999.

The actual discharge flow rate of treated wastewater averaged less than 1 million gal/year, which
was much lower than the 72.5 million gal/year predicted in the Final EIS. Furthermore, HCCP
treats some of the wastewater generated by Healy Unit No. 1, so the actual discharge flow rate of
HCCP treated wastewater may be even lower. The HCCP wastewater treatment system operated
in a manner that alowed virtualy all of the treated wastewater to be recycled. Treated
wastewater was primarily reused in other processes such as HCCP flue gas desulfurization.

The average once-through condenser cooling water discharge rate for the days that the HCCP
was operating at about full capacity was about 12,510 million gal/year, which equates to an
actual discharge rate of about 10,640 million gal/year at a capacity factor of 85 percent. The
Final EIS predicted a cooling water discharge rate of 12,500 million gal/year for an 85 percent
capacity factor. Therefore, the actua cooling water usage was about 15 percent lower than
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predicted. The cooling water temperature increase (delta T) across the condenser during
operation of the HCCP at full capacity was about 31.5° F during the time period evaluated,
which was about 4° F degrees higher than the 27.5° F predicted in the Final EIS based on the
design data for the condenser. The higher delta T was probably due to the lower flow rate, with
more heat being absorbed per unit volume of water. The Fina EIS also predicted that the
temperature of the Nenana River would increase 9.3° F above ambient at a distance of 30 feet
downstream from the HCCP outfall. However, temperature was not measured at 30 feet from
the outfall during the DTP, and, thus, this specific Final EIS prediction could not be evaluated.

The NPDES Permit defines limits for discharge temperature and delta T in the Nenana River.
The discharge temperature limit is 89° F, and the Nenana River temperature limit at a distance of
650 feet downstream (Station 2) is 59° F. The HCCP operated well within these limits during
the time period evaluated. The Discharge Monitoring Reports (DMRs) indicate a maximum
discharge temperature of about 78° F (average of 74° F) and the average Station 2 temperature of
about 50° F. ThedeltaT for Station 2 averaged about 3.5° F.

6.2.4 Actual Solid Wastes

he actual amounts of solid wastes generated by the HCCP were obtained from the DCS data

from the 90-Day Commercial Operation Test. Slag/bottom ash, fly ash, and limestone waste
were generated at average rates of approximately 233,070 |b/day, 58,270 Ib/day, and 30,720
Ib/day, respectively. These solid wastes would be generated at rates of approximately 36,154
tons/year, and 9,039 tons/year, and 4,766 tons/year, respectively, if the capacity factor were 85
percent. The actual amounts of slag/bottom ash and fly ash were about 21 percent lower than
predicted in the Fina EIS. The actual amount of limestone waste generated was about 14
percent lower than predicted in the Final EIS. As stated previoudly, the coal used in the 90-Day
Commercial Operation Test contained about 23 percent less ash and about 13 percent more
sulfur than predicted. Due to HCCP's remote location from any major markets, no economic
application for reuse of any of the waste products has been identified at thistime.

6.3  Anticipated Environmental Performance of the 300-M We Facility

ata accumulated during the operation of the HCCP were extrapolated to evaluate a larger

facility using the same integrated clean coal technology as the HCCP. This hypothetical
facility, the CC-300, would be a 300-MWe power plant installed in Wyoming. The Harris Group
extrapolated the HCCP data using fundamental engineering principles, with assistance from the
providers of the various components of the integrated clean coal technology. Severa relatively
minor changes to the technology needed to be applied in the anticipated design of the CC-300,
such as the elimination of once-through cooling and modification of the coa handling process.
These changes were incorporated primarily because the facility would be located in the “Lower
48" dtates rather than in Alaska. These minor design changes affected environmenta
performance somewhat, as described below. The same Anticipated Vaues for Operating
Parameters (Table 6-1) and the same Air Emission Limits and Goals (Table 6-2) were used for
the evaluation of environmental performance. More information on the CC-300 is provided in
Sections 7.0 and 8.0.
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6.3.1 Anticipated Raw Material Usage

t a 65 percent capacity factor, the usage of coal for the CC-300 would be about 1,246,000

tons/year. The source of coal would be Powder River Basin coa with a heating value of
about 8,175 Btu/lb, an ash content of 4 to 5 percent, and a sulfur content of about 0.37 percent.
Additional information on Powder River Basin coal is provided in Section 7.0. The limestone
usage rate would be about 42,671 tons/year at a capacity factor of 65 percent.

The cooling water requirements for the CC-300 and the HCCP cannot be directly compared
because CC-300 would not utilize once-through cooling. The HCCP was able to utilize once-
through cooling (with no consumptive use of cooling water) primarily because the HCCP is
located in Alaska and a discharge with a thermal mixing zone was approved by EPA. For the
CC-300, the recirculated cooling water flow rate would be about 251,900 gpm for operation at
full load. On adaily basis, about 1.4 percent of the recirculating cooling water would need to be
provided as make-up water due to evaporative losses and cooling tower blowdown. The water
source would be a nearby surface water body containing less than 600 mg/L total dissolved
solids, 500 ppm total hardness (CaCQOgs), and 10 ppm silica. Other raw water requirements are
provided in Section 7.0. Although water usage can be a problem in Wyoming, it was assumed
that sufficient water is available for this plant.

6.3.2 Anticipated Air Emissions

he Harris Group, with assistance from the clean coa technology developers, concluded that

the CC-300 would have the same emissions, in units of mass per heat input, as the HCCP.
However, the emission rates (mass per time) would differ because the heat input (and the power
output) of the CC-300 would be greater than that of the HCCP. The expected CC-300 emissions
would be approximately 366 tons/year of SO, (0.0359 Ib/million Btu), 2,648 tons/year of NOx
(0.26 Ib/million Btu), and 214 tonslyear of PMjo (0.021 Ib/million Btu). The CC-300 is
described more thoroughly in Section 7.0.

Since the heat input for the CC-300 would exceed 250 million Btu/hr, the CC-300 would be a
“PSD Major Stationary Source” because emissions of more than one regulated pollutant would
be greater than 100 tons/year (40 CFR 52.21 (b)(1)(i)(d)). The stringency of the air emission
limitations for the CC-300 would be determined by a Best Available Control Technology
(BACT) andysis. The BACT anaysis would be performed for each pollutant emitted in excess
of the quantities provided in 40 CFR 52.21 (b)(23)(j). The chosen control technology would
need to perform to standards at least as stringent as the NSPS emission limits, which are
described below. Furthermore, if computer modeling determined that CC-300 air emissions
would exceed the allowable PSD “increments,” more stringent air emission limits may be
imposed, as described below.

The PSD program requires major stationary sources constructed in areas that meet the National
Ambient Air Quality Standards (NAAQS) for criteria pollutants to obtain PSD permits (40 CFR
51.24) and to limit emissions to certain “increments’ of pollution. “Increments’ are the
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increases allowed above the baseline concentrations in an area. As stated above, computer
modeling of the current air quality and the expected CC-300 stack emissions would be needed to
determine the impact of the CC-300 emissions on the NAAQS and the PSD increments.

The EPA NSPS emission limits for PM 1o, SO,, and NOx contained in 40 CFR 60 Subpart Da
would apply to the CC-300. Except for NOyx, the NSPS requirements for the CC-300 would be
the same as those for the HCCP, i.e., 0.03 Ib/million Btu for PM and 70 percent removal for SO..
However, because the NSPS Subpart Da have been revised for projects constructed after July 9,
1997, the CC-300 would be subject to a new NOyx emission limit of 0.15 Ib/million Btu, whichis
more stringent than the HCCP' s applicable limit of 0.50 Ib/million Btu. Additional requirements
in 40 CFR 60 Subpart Da would also have to be met by the CC-300. These include the
installation of CEMS, stack testing, and other requirements.

In addition to the above-described air emission requirements, facilities constructed in the “Lower
48" states must comply with the Title IV requirements (Acid Rain Program) of the Clean Air
Act. These requirements apply to SO, and NOx acid deposition and do not apply to facilitiesin
Alaska. The requirements of the Acid Rain Program would apply to the CC-300, as stated in 40
CFR 72(c). The CC-300 facility will be required to obtain an Acid Rain Permit, which in turn
may require even more stringent SO, and/or NOx emission limits.

6.3.3 Anticipated Water Discharges

As stated above, the circulating cooling water flow rate for the CC-300 would be
approximately 251,900 gpm. However, none of this cooling water would be discharged to
surface water bodies as is the case with once-through cooling systems. Therefore, the CC-300
would not require an NPDES Permit for cooling water discharge. About 1.4 percent of the CC-
300 cooling water would have to be replaced by make-up water on a daily basis, mostly due to
evaporative losses and partialy due to cooling tower blowdown. The cooling tower blowdown
would be discharged to an on-site pond system. Some of the pond water would be routed
through a lime softener and become lime slurry water for the flue gas desulfurization process,
and the rest would evaporate.

6.3.4 Anticipated Solid Wastes

he CC-300 would generate about 49,293 tons/year of slag/bottom ash, about 8,709 tons/year

of fly ash, and about 33,962 tons/year of limestone waste. Since solid waste from coal
combustion is currently e